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Complexity of Brain Anatomy and Physiology 

• Brain contains several distinct yet connected anatomical compartments  
• The origin and the direction of CSF and ISF(ECF) bulk flow is still controversial 
• Brain possesses unique (g)lymphatic system  
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Unknowns: Protein Therapeutics Disposition in Brain 

RMT Efficiency BBB vs BCSFB FcRn 

neuronal marker NeuN 
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Overall Objectives 

 Perform novel in vitro and in vivo experiments to understand 
and quantify the main determinants for protein therapeutics 
disposition in brain 

 Develop a translational mathematical model that can 
simultaneously characterize in-house and published brain 
disposition data from diverse protein therapeutics in various 
animal species 

 Use the mathematical model to quantitatively understand 
the main pathways of protein therapeutics entry into the 
brain and exit from the brain 

 Design novel protein therapeutics that can exploit the major 
pathways of entry into the brain to cure various CNS 
disorders (e.g. glioblastoma and Alzheimer’s disease)  



Microdialysis System for MAbs: Rat Brain 



Brain Disposition of Endogenous Ab 
Rat endogenous IgG concentration  (S.D.)        sample/plasma ratio 
Rat Plasma (n=10) 1168 (650) µg/mL 
Lateral ventricle (n=5) 2.26 (0.74) µg/mL 0.0018 (500 fold) 
Striatum (n=8) 3.2 (2.6) µg/mL 0.003 ( 300 fold) 
Cisterna Magna (n=10) 10.7 (8.25) µg/mL 0.009 (100 fold) 
Whole Brain (n=16) 1.68 (1.4) µg/g 0.0014 (700 fold) 

Comparison with Aβ 
as an endogenous protein 



Brain Disposition of Trastuzumab 
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• Lag time for mAb distribution to striatum and CM 

• Initially ST shows lower concentration than LV  

• BCSFB may be an important contributor to delivery 
of mAb into the CSF at initial time point 

• CM shows higher exposure similar to endogenous Ab 



Brain Disposition of Anti-TfR Mab: OX26 
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• While brain homogenate concentration in high ST 
concentration is very low 

• CM concentration is higher than ST and LV 



External Datasets 

Diverse datasets to be used for building brain PBPK Model: 
(A) Efflux of antibody from rat brain, (B) Antibody PK on FcRn KO mice, (C) Abluminal-to-
luminal (red) and luminal-to-abluminal (blue) transport of Fc domain, (D) PK of antibody in 
different regions of rat brain, (E) PK of anti-Aβ antibody in the brain of antigen presenting 
PSAPP mice, (F) Brain uptake of different affinity anti-transferrin receptor antibodies. 
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Parameters for Translational PBPK Model of Brain 



PBPK Model Performance for Rat Data 



PBPK Model Performance for Anti-TfR 
MAbs in Mouse 

Anti TfRA /BACE1, Kd=32nM 

AntiTfRE /BACE1, Kd=10000nM 

AntiTfRD /BACE1, Kd=380nM 
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Final Estimate CV% 

V_TfR  910 nM 10.85 

Kdeg_TfR 0.06 1/h 7.140 

Fr_TfR 0.5 Fixed 

Kint_B_TfR 7  1/h Fixed 

CL_TfR 18.00  L/h Fixed 



Concluding Remarks 
o In vivo microdialysis system and sensitive ELISA methods were 

developed to enable quantification of antibodies in different 
regions of brain 

• BCSFB may contribute notably towards CSF antibody 
concentrations 

• CM seems to have higher antibody concentrations than LV & ST 
• CSF concentrations of mAbs can be notably different than ECF 

o There is a need to generate more robust data using microdialysis 
and other orthogonal methods, and using different engineered 
proteins, to get a better understanding of protein therapeutics 
disposition in brain 

o A translational PBPK model is developed that is able to characterize 
the disposition of various antibodies in mice and rat; however more 
data is needed to refine the model 
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